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Regulation of Notch Endosomal
Sorting and Signaling
by Drosophila Nedd4 Family Proteins
are characterized by a similar modular structure includ-
ing an N-terminal phospholipid binding C2 domain; two
to fourWWdomains, involved in protein-protein interac-
tions and specific target selection; and a C-terminal
HECT domain. The last forms a covalent intermediate
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1Faculty of Life Sciences with ubiquitin via a critical cysteine residue before trans-
ferring the ubiquitin peptide to the target protein [14].Michael Smith Building
University of Manchester Different Nedd4 family proteins have been shown to
regulate a diverse range of cellular processes, includingStopford Road
Manchester M13 9PT the endocytosis of specific membrane proteins; the di-
version of membrane proteins from the secretory path-United Kingdom
2Medical Research Council Centre way to the lysosome, bypassing the cell surface; and
the proteosome-dependent degradation of cytoplasmicfor Developmental Neurobiology
New Hunt’s House and nuclear proteins [13]. Thus, there are a number of
possible mechanisms by which Su(dx) could regulateGuy’s Hospital Campus
King’s College London Notch signaling in vivo.
To investigate the consequence of Su(dx) on Notch,London SE1 1UL
United Kingdom we overexpressed Su(dx) with Flp-induced clones [15].
At 25C, Su(dx) overexpression hadno effect on endoge-
nous Notch activity or localization (data not shown).
However, when Su(dx) was more strongly expressed atSummary
29C (Gal4 UAS displays temperature-dependent ex-
pression levels), this cell autonomously resulted in accu-The Notch receptormediates a short-range signal that
mulation of endogenous Notch in apically located cyto-regulates many cell fate decisions [1]. The misregula-
plasmic vesicles, and this correlated with ectopic veintionofNotchhas been linked tocancer and to develop-
and wing margin loss phenotypes induced in the adultmental disorders [2, 3]. Upon binding to its ligands,
wings (Figures 1A and 1B). To test the consequence ofDelta (Dl) or Serrate (Ser), the Notch ectodomain is
Su(dx) loss of function on Notch, we generated homozy-shed by the action of an ADAM protease [4, 5]. The
gous Su(dx)mutant mitotic clones with Flp-induced mi-Notch intracellular domain is subsequently released
totic recombination [16]. The consequences were tissueproteolytically from the membrane by Presenilin [6, 7]
specific. In the Drosophila ovary, follicle cells of devel-and translocates to the nucleus to activate the tran-
oping egg chambers displayed a cell-autonomous cyto-scription factor, Suppressor of Hairless [8]. We show
plasmic accumulation of Notch protein in Su(dx)mutantin Drosophila that Notch signaling is limited by the
clones (Figure 1C). The accumulation of Notch was cor-activity of two Nedd4 family HECT domain proteins,
related with enlarged nuclei observed in Su(dx) clonesSuppressor of deltex [Su(dx)] and DNedd4.We rule out
(Figure 1C), consistent with a premature switch frommodels by which Su(dx) downregulates Notch through
mitotic to endocycle replication. The latter is a pheno-modulating Deltex or by limiting the adherens junction
type expected from an upregulation of Notch signalingaccumulation of Notch. Instead, we show that Su(dx)
[17] and constitutes a newly described phenotype forregulates the postendocytic sorting of Notch within
Su(dx).the early endosome to an Hrs- and ubiquitin-enriched
In contrast, in the third-instar wing disc,Su(dx)mutantsubdomain en route to the late endosome.Wepropose
clones did not clearly affect endogenous Notch localiza-a model in which endocytic sorting of Notch mediates
tion (data not shown). Therefore, we considered the pos-a decision between its activation and downregulation.
sibility that in some tissues there are one or more re-Such intersections between trafficking routes may
dundant or parallel regulatory mechanisms that canprovidekeypoints atwhichother signals canmodulate
compensate for the loss of Su(dx) function. This suppo-Notch activity in both normal development and in the
sition is supported by the observation that most devel-pathological misactivation of Notch.
opmental phenotypes of Su(dx) mutations have only
been uncovered in a sensitized genetic background in
Results and Discussion which Notch signaling is additionally compromised [9,
11]. DNedd4, a closely related protein to Su(dx), has
We have previously identified the Drosophila Suppres- recently been linked to the control of axon guidance
sor of deltex [Su(dx)] gene as a negative regulator of throughdownregulationof Commissureless [18], andwe
Notch signaling [9–11].Su(dx) encodes one of threeDro- wondered whether DNedd4 might also regulate Notch.
sophila members of the Nedd4 family of E3 ubiquitin Because no mutant alleles of DNedd4 were available,
ligases [10]. Nedd4 family proteins [12, 13] have been we investigated whether the overexpression of DNedd4
identified in diverse species, from yeast to humans, and had any consequences on Notch signaling. As with
Su(dx), expression of DNedd4 with the Ptc-Gal4 driver
at 29C results in wing margin nicks and a decrease in*Correspondence: mbaron@man.ac.uk
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Figure 1. Both the Overexpression of Su(dx), as well as Mutations in Su(dx), Can Alter the Localization of Endogenous Notch
(A) Overexpressed Su(dx) with Flp-induced clones at 29C caused a cell-autonomous accumulation of endogenous Notch stained with anti-
NECD (green) in apically located cytoplasmic vesicles (arrows) of third-instar wing imaginal disc cells. The clones are marked by anti-Su(dx) in
purple.
(B) In adult wings, these overexpression clones result in ectopic vein material (arrows) as well as wing margin loss.
(C) A stage 8/9 egg chamber containing, in the follicle cells, a mitotic clone of Su(dx)sp marked by the absence of green fluorescent protein
(GFP) (delimited area). In the follicle cells that are mutant for Su(dx) function, there is an autonomous cytoplasmic accumulation of Notch
protein (stained with anti-NECD [red]). The cell density is reduced, and the nuclei, stained with DAPI (blue), are enlarged within the clone,
consistent with a premature switch from mitosis to endocycle. The scale bars in (A) and (C) each represent 5 m.
winglessmRNA at the wing D/V boundary of third-instar ment. In work presented as Supplemental Data, we also
demonstrate functional overlap between Su(dx) andlarvae, consistent with a downregulation of Notch sig-
naling (Figures 2A–2F). Furthermore, we showed that Dsmurf, the third Drosophila Nedd4 family member that
has been previously linked to regulation of Decapen-Su(dx) overexpression phenotypes in the wing margin,
wing veins, and legs are all strongly suppressed by the taplegic (Dpp) signaling [20]. Novel phenotypes, includ-
ing defective embryonic central nervous system andcoexpression of the catalytically inactivated DNedd4C-A
(Figures 2G–2L). When we coexpressed Notch with adult eye and wing cell fate changes, arise when muta-
tions in both genes are combined (Figure S2). A com-DNedd4C-A, it led to a synergistic increase in Notch sig-
naling (Figures 2M, 2N, 2Q, and 2R). Similar results were plete analysis of the biological functions and repertoire
of target proteins for each Nedd4 family protein willobtained when Notch was coexpressed with a form of
Su(dx) lacking the HECT domain, Su(dx)HECT (Figures therefore require consideration of all three family mem-
bers, both separately and together.2M–2P). Thus, the expression of either Su(dx)HECT or
DNedd4C-A is capable of overcoming a regulatory mech- How do ubiquitin ligase-deficient forms of Su(dx)
upregulate Notch signaling? Given the previously de-anism that normally operates to considerably limit the
signaling potential of increased levels of Notch. A role scribed genetic interactions between Su(dx) and deltex
(dx), which is a positive regulator of Notch [9, 11, 21], afor DNedd4 as a negative regulator of Notch is further
supported by Sakata et al., who have isolated DNedd4 possibility is that Su(dx) normally directly downregulates
Dx. Loss of Su(dx) function might simply increase themutations that display strong genetic interactions with
mutations of Notch pathway genes and a physical inter- activity of endogenous Dx, which could in turn induce
Notch signaling. To investigate this, we studied the inter-action of DNedd4 with Notch in a pull-down assay ([19],
this issue of Current Biology). We have shown that the action of Su(dx) with the strong dx24 mutation. We found
the latter mutation to consist of a frame shift after onlyWW domain region of Su(dx) has a similar ability to
interact directly or indirectly in a complex with Notch the first 59 amino acids of the open reading frame, and
therefore to be almost certainly a null (Figures S3C and(see Figure S1 in the Supplemental Data available with
this article online). These data suggest functionally simi- S3D). We found that flies hemizygous for dx24 failed to
prevent the induction of ectopic Notch signaling bylar roles for DNedd4 and Su(dx) in Notch downregula-
tion, although further work will be required to determine Su(dx)Hect (Figures S3E–S3G). Furthermore, the dx24
phenotype is, as are other dx alleles, suppressed by theif DNedd4 functions by an identical mechanism to that
of Su(dx) and the extent by which the role of each can Su(dx) mutation (Figures S3A and S3B). Because dx24 is
predicted not to make a functional protein, neither ofcompensate for deficiencies in the other during develop-
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Figure 2. Su(dx) and DNedd4 Both Limit the Ability of Full-Length Notch to Signal
(A) In the wild-type wing pouch, Notch signaling activates wingless (wg) expression at the D/V boundary (a indicates anterior, v designates
ventral).
(B) Tip of a wild-type adult wing showing an intact margin.
(C–F) Constructs were overexpressed with Ptc-gal4, which drives expression along the anterior/posterior boundary. Overexpression of Su(dx)
(29C) results in a downregulation of wg expression at the D/V boundary (C) and loss of the adult wing margin (D). (E) Similar overexpression
of DNedd4 also reduces wg expression at the D/V boundary (arrow) and leads to wing notching in the adult (F).
(G–L) Constructs were overexpressed at 29C with the Dpp-Gal4 driver, which also drives expression of target genes along the A/P boundary.
(G) Dpp-Gal4-driven Su(dx) expression results in truncated malformed legs (middle legs depicted) and (H) a thickened L3 vein (arrow) and
wing notches. (I) When DNedd4C-A is overexpressed, the legs display little phenotype, and (J) the wings display vein gaps (arrow). (K)
Coexpression of DNedd4C-A and Su(dx) rescues the Su(dx)-induced leg phenotypes and (L) wing margin and vein phenotypes. Only a small
amount of extra vein is still present (arrow).
(M–R) Overexpression experiments conducted at 25Cwith the Ptc-Gal4 driver. (M) Overexpression of full-length Notch activateswg expression
at the edges of the overexpression domain; the wg expression is strongest at the posterior edge with a weaker line of ectopic wg at the anterior
(arrow). (N) Weak ectopic wing margin induced by full-length Notch expression (boxed region), which is magnified in inset. Overexpression of
either Su(dx)HECT or DNedd4C-A singularly does not cause a phenotype or modify wingless expression (data not shown). However, either
Su(dx)HECT coexpressed with Notch (O and P) or DNedd4C-A coexpressed with Notch (Q and R) leads to a large increase in wingless levels
throughout the overexpression domain, as well as extensive ectopic wing margin in the adult wing (marked by an arrow in [R]).
these observations is compatible with a model in which ures 3D and 3E), indicating that the accumulated Notch
was predominantly full-length; that is, full-length Notchwild-type Su(dx) acts on Notch signaling by directly
downregulating Dx. was endocytosed prior to ligand-dependent ectodo-
main shedding and activation. The accumulation ofAnother possibility is that blocking of the Su(dx) ubi-
quitin ligase activity makes more Notch available at the Notch was not due to a generalized disruption of cell-
cell junctions because the localizations of the junctionalcell surface, thus allowing more Notch to be activated.
We therefore compared Notch localization when it was components, Dachsous, Armadillo, and Fasciclin III [22,
23], were unaffected (Figure S4).expressed alone and when it was coexpressed with
Su(dx)HECT; that is, in circumstances in which there was Next, we investigated further the consequences of
full-length Su(dx) overexpression on Notch localization.weak and strong Notch signaling, respectively. In both
cases, we observed similar Notch levels, well above In the coexpressing discs, the increased level of Su(dx)
further reduced the weak ectopic signal induced by over-those of endogenous Notch (Figures 3A and 3B), at the
apical adherens junction. Therefore, the considerable expressed Notch (Figure S5). Notch was again found
at the adherens junctions and in cytoplasmic vesiclesincrease in Notch signaling observed when Su(dx)HECT
was coexpressed could not simply be explained by in- (Figures 3F and 3G). However, in the apical region of the
cell, Notch-containing vesicleswere enlargedcomparedcreased amounts of the receptor at the adherens junc-
tion. In contrast, within the cytoplasm, the distribution to when Notch was expressed alone (compare Figures
3G and 3C), implying that Su(dx) expression altered theof Notch was considerably altered by the coexpression
of Su(dx)HECT. Both with and without Su(dx)HECT, Notch steady state distribution of Notch within the trafficking
pathway. We demonstrated that the origin of bothwas localized in cytoplasmic vesicles, but coexpression
with Su(dx)HECT promoted strong Notch accumulation Su(dx)- and Su(dx)HECT-induced vesicular Notch accu-
mulationwas endocytic by antibody labeling cell surfacein considerably enlarged, irregularly shaped, vesicular
structures around and just below the plane of the ad- Notch on live cultured discs and allowing the uptake of
the labeled Notch over a time course before it was fixedherens junctions (Figures 3C–3E). Notably, both the ex-
tracellular and intracellular epitopes of Notch strongly and stained with a secondary antibody (Figures 3H and
3I; Figure S6). This assay was shown to specifically labelcolocalized with Su(dx)HECT, both at the adherens junc-
tions (data not shown) and in the vesicular bodies (Fig- Notch that had been present at the cell surface because
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Figure 3. Su(dx)HECT and Su(dx) Both Regulate the Subcellular Localization of Full-Length Notch
When full-length Notch is overexpressed on its own (A) or in conjunction with Su(dx)HECT (B), there is a comparable accumulation of Notch
at the apical junctions in the overexpression stripe, stained with NECD in green. The arrows in (A) and (B) mark the edges of the overexpression
domain, which is to the left. When full-length Notch is overexpressed, NECD (green) and NICD (purple) epitopes colocalize at the adherens
junctions (not shown) and (C) in internal vesicles throughout the cell. The largest vesicles, shown here, are at 1.5 m below the adherens
junctions.
(D and E) The apically located vesicular structures were further enlargedwhen full-length Notch was coexpressedwith Su(dx)HECT and contained
NECD, NICD, and Su(dx) epitopes. (D) Anti-NICD (green) and anti-Su(dx) (purple). (E) Anti-NECD (green) and anti-Su(dx) (purple).
(F) When full-length Su(dx) was coexpressed with Notch, the NECD (green) epitope overlapped with Su(dx) (purple) at the adherens junctions.
(G) The apical vesicles 1.5 m below the adherens junctions were also enlarged as compared to Notch expressed on its own, and they
contained both the NECD (green) and NICD (purple) epitopes. However, they did not contain the Su(dx) epitope (see Figure S6).
(H) The large apical Notch-containing vesicles induced by coexpression of Su(dx) and Notch are strongly labeled with anti-NECD (green) taken
into the cell by endocytosis during a pulse-chase antibody uptake assay. The time point shown represents a 60 min chase.
(I) The enlarged vesicles induced by coexpression of Su(dx)HECT and Notch are similarly heavily labeled with endocytosed anti-NECD(green).
(Note that anti-NICD was not taken into the cell under the same conditions.) Overexpression of heterologous genes was performed at 25oC
with the Ptc-Gal4 driver. The scale bar represents 1 m in all panels except (A) and (B), in which it indicates 1.5 m.
antibodies against the Notch extracellular domain were endocytosis in a HECT domain-independent manner,
but this is unlikely because, where Nedd4 family mem-internalized, whereas antibodies against its intracellular
domain were not (data not shown). These data exclude bers have previously been shown to stimulate the en-
docytosis of their target proteins, it has been HECTapossible alternativemechanism involving the diversion
of Notch directly from the secretory to the endocytic domain-dependent [12]. In addition, whenNotch is over-
expressed alone, an antibody uptake assay shows therepathway, thereby bypassing the cell surface. During the
time course of the experiment, Notch was first observed is already considerable flux of Notch entering into endo-
cytosis, even without the coexpression of either form ofcolocalized at the adherens junction with Su(dx) (Figure
S6A), but at later time points, when Notch appeared in Su(dx) (Figures S6G and S6H). Furthermore, the initial
entry of Notch into endocytosis did not appear to beendocytic vesicles, it was no longer colocalized with
Su(dx) (Figures S6C–S6F). Thus, any interaction of Notch increased by coexpression with Su(dx) (compare similar
vesicle sizes at the 20 min chase time point in Figureswith Su(dx) is likely to be a transient one and take place
at the cell surface. Because, unlike full-length Su(dx), S6D and S6H). An alternative explanation for the vesicu-
lar accumulation is that Su(dx) normally regulates theSu(dx)HECT does strongly colocalize with Notch in cyto-
plasmic vesicles (Figures 3D and 3E), the HECT domain postendocytic sorting of Notch between subcompart-
ments of the early endosome rather than its initial entryactivity may be required for the dissociation of Notch
and its subsequent onward trafficking, independent of into endocytosis. Hrs (Hepatocyte growth factor-regu-
lated tyrosine kinase substrate) localizes to one suchSu(dx).
It is possible that vesicular accumulation of Notch subcompartment, where it binds and recruits ubiquiti-
nated receptors, allowing their subsequent routing toarises because Su(dx) stimulates entry of Notch into
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the late endosome [24]. Thus, although Notch may nor- and remained predominantly in the irregularly shaped
early endosomes, adjacent to but not enclosed bymally interact with Su(dx) at the cell surface, the conse-
quence of this interaction may be manifest only when spheres of late endosomal Rab7-GFP labeling (Figure
4J). Only a small proportion of expressedNotch reachedNotch reaches the early endosome. A prediction arising
from this hypothesis is that Notch localization will differ the late endosomes, and it appeared delayed in transfer
to the central compartment of this structure, being lo-depending on whether the accumulation is driven by
expression of Su(dx) or Su(dx)HECT. The enlarged vesicu- cated in apparent microdomains in the late endosomal
limiting membrane (Figure S7H). Note that the additionallar compartments that resulted from Notch coexpres-
sion with either Su(dx) or Su(dx)HECT constructs afforded expression of Su(dx)HECT did not alter the distribution
of Rab7-GFP. The latter could be found labeling spheri-us the opportunity to investigate in detail where Notch
accumulated in conditions when it exhibited weak or cal late endosomes (FigureS7H) and structures adjacent
to the early endosomes (Figure 4J) as it does whenstrong signaling, respectively. When Su(dx) and Notch
are coexpressed, Notch distribution showed consider- expressed in a wild-type background (Figures S7D and
S7E). This indicates that the formation of late endo-able overlap with an irregularly shaped Hrs-containing
structure around 1.5 m below the plane of the apical somes themselves was not prevented by Su(dx)HECT.
These data, taken together, support the conclusionadherens junction (Figure 4A). Notch also colocalized
with ubiquitin (Figure 4C) and the endosomal-associated that the regulatory role of Su(dx) on Notch depends
on the latter’s postendocytic sorting within the earlyprotein gp150 [25] (Figure 4E) in this structure. In con-
trast, when Su(dx)HECT was coexpressedwith Notch, the endosome after a transient interaction at the cell sur-
face. In this model, blocking of Su(dx) activity wouldlatter was predominantly localized adjacent to, rather
than coincident with, Hrs, ubiquitin, and gp150 (Figures allow Notch accumulation in an Hrs-negative compart-
ment, and we propose that entry into this compartment4B, 4D, and 4F). However, Notch was localized immedi-
ately adjacent to, and overlapped with, Rab11 distribu- is an intermediate step in the Notch activation pathway,
at least in some contexts. The requirement of endocyto-tion (Figure 4H), which marks a recycling endosomal
compartment [26] when Notch was coexpressed with sis for activation of full-length Drosophila Notch has
previously been suggested because of the requirementSu(dx)HECT. In contrast, Notch was localized clearly sep-
arately fromRab11when the former was expressedwith for dynamin in the signal-receiving cell [28]. Because
we have shown that both intracellular and extracellularSu(dx) (Figure 4G). Thus, the HECT domain is required
to allow postendocytic Notch accumulation within the Notch epitopes colocalize in the early endosomes in
response to Su(dx)HECT, it is likely that we are predomi-Hrs/ubiquitin-positive early endosomal compartment
and away from the recycling compartment. Reduced nantly observing endocytosis of full-length Notch; that
is, the latter is endocytosed prior to ectodomain shed-entry into the recycling endosomal pathway, rather than
stimulated endocytosis, may thus account for the ability ding. Although other work has implied that ectodomain
shedding occurs at the cell surface [5], the actual loca-of expressed Ptc-Gal4-driven Su(dx) expression to de-
plete the level of heat shock-induced Notch from the tion of this event in the cell has not been demonstrated.
Our data suggest that ectodomain shedding may occuradherens junction (Figure S7A). We were not, however,
able to find a marker that positively identified the com- within an endosomal compartment unless Notch is di-
verted from this compartment by the activity of Su(dx)/partment in which the bulk of Notch accumulated when
coexpressed with Su(dx)HECT. This prevented a more DNedd4. An alternative but not necessarily mutually ex-
clusive model is that a small proportion of the endocyticdetailed analysis of its trafficking route during signal
activation. Notch that we observe has already undergone ectodo-
main shedding at the cell surface. Endosomal sortingTo confirm the above conclusion, we tested how, in
each case, Notch localizationwas affected by coexpres- may determine if the resulting membrane-tethered NICD
is routed so as not to encounter Presenilin activity.Whension with Rab7-GFP. Rab7 is localized in the limiting
membrane that surrounds the spherical late endosomes Su(dx) activity is reduced,moremembrane-tetheredNICD
may be allowed to encounter Presenilin. Currently, the site[27], but it can also be found distributed apically, adja-
cent to Hrs-positive early endosomes (Figure S7D). of Presenilin activity is controversial, with some reports
proposing that Presenilin is active at the cell surface [29]When Rab7-GFP is overexpressed, it accelerates the
accumulation of endocytosed proteins, including en- but other studies indicating that it may be active within
the endosomal/lysosomal pathway [30]. Recently, it hasdogenous Notch, within the late endosomal compart-
ment ([27]; Figures S7E and S7F). If Su(dx)HECT expres- been suggested that the Presenilin-dependent cleavage
of a truncated, membrane-tethered, mammalian Notchsion interferes with transfer of Notch to an area of the
early endosome where it is to be targeted to the late intracellular domain is dependent on an endocytic step,
although in this case ubiquitination by an unknown fac-endosome, then we would expect that in this situation
Notch localization would be particularly insensitive to tor was shown to promote rather than downregulate
activation [31]. Differential routing of Notch at multipleincreased levels of Rab7 activity. When Rab7-GFP was
coexpressed with either Notch plus Su(dx) or Notch points of the endocytic pathways of the cell may there-
fore be important in regulating its activity.alone (both situations in which ectopic Notch signaling
is weak), Notch was predominantly localized within the We have not yet shown that Su(dx) can directly ubiqui-
tinate Notch, and it remains possible that Su(dx) actsinner compartment of the spherical late endosomes and
was enclosed by Rab7-GFP (Figure 4I; Figure S7G). In indirectly through another Notch regulatory factor. A
mammalian Nedd4 family protein, Itch, has, however,contrast, when Su(dx)HECT was expressed, Notch local-
ization was insensitive to the increased levels of Rab7 been shown to promote Notch ubiquitination in an
Current Biology
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Figure 4. Su(dx) Regulates Sorting of Notch within the Early Endosome
(A and B) Costaining for Hrs (purple) and Notch (anti-NECD, green). (A) When Su(dx) was coexpressed with Notch, the latter was predominantly
colocalized with an Hrs-containing early endosomal compartment around 1.5 m below the plane of the adherens junction. (B) When Su(dx)HECT
was coexpressed with Notch, the latter was predominantly localized adjacent to, rather than colocalized with, Hrs. (Arrow shows a Notch-
containing structure that is clearly adjacent to an Hrs-labeled domain).
(C and D) Costaining with an antibody to ubiquitinated proteins FK2 (green) and Notch (anti-NICD, purple). (C) Notch and ubiquitin colocalize
in apical vesicles after coexpression of Su(dx) and Notch. (D) When Su(dx)HECT was coexpressed with Notch, the latter predominantly localized
adjacent to ubiquitin.
(E and F) Costaining with an antibody to gp150 (green) and Notch (anti-NICD, purple). (E) Notch shows substantially overlapping localization
with gp150 in apical vesicles after coexpression of Su(dx) and Notch. (F) When Su(dx)HECT was coexpressedwith Notch, the latter predominantly
localized adjacent to gp150 with virtually no overlap between them.
(G and H) Costaining with an antibody to Rab11 (green) and Notch (anti-NICD, purple). (G) When Su(dx) was coexpressed with Notch, the latter
did not colocalize with Rab11, with Rab11 being mostly situated a little more apically than the section depicted here. (H) When Su(dx)HECT
was coexpressed with Notch, the latter predominantly localized either immediately adjacent to or overlapping with Rab11. The arrow marks
an example in which Notch and Rab11 are significantly colocalized.
(I) Coexpression of Rab7-GFP (green), Notch, and Su(dx). Notch (anti-NECD, purple) is predominantly located inside Rab7-GFP-labeled ring-
like late endosomes.
(J) In contrast, after coexpression of Su(dx)HECT and Notch (anti-NECD, purple), the latter remained in the large irregularly shaped early endosomal
structures, which lie adjacent to rings of Rab7-GFP (green) but were not contained within them. Note that the distribution of Rab7-GFP was
not affected by Su(dx)HECT, as further described in Figure S7. Overexpression of heterologous genes was performed at 25oC with the Ptc-
Gal4 driver. The scale bar represents 1 m in all panels.
in vitro cell culture assay, although in the latter case It will be interesting to determine whether these regu-
latory decisions represent points of cross talk with otherubiquitination was associated with an increase in pro-
teosome-dependent degradation of the Notch intracel- developmental signals and thus provide context-depen-
dent activation of Notch. For example, signals thatlular domain after ectodomain shedding [32, 33]. It is
possible that the observed effects of Itch represent a downregulate the interaction of Nedd4 family proteins
with Notchmay provide an alternative means to upregu-downstream consequence of the endosomal regulation
that we observe in vivo. However, these different out- late Notch activation. Consideration of this aspect of
Notch regulation may also be important for assessingcomes may also illustrate the potential diversity in ubi-
quitin ligase-dependent regulation of Notch at different the pathological consequences of Notch misexpression
in diseases such as cancer. Because increased Notchsteps of its pathway or differences resulting from cell
culture versus whole organism model systems. expression levels have been observed in a number of
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Nedd4/Rsp5p family of ubiquitin-protein ligases. J.Membr. Biol.cancer cell types [34–36], Notch overexpression cou-
176, 1–17.pled with trafficking misregulation might be a significant
13. Ingham, R.J., Gish, G., and Pawson, T. (2004). The Nedd4 familyfactor in the progression of such tumors through a step-
of E3 ubiquitin ligases: Functional diversity within a common
wise increase in Notch activity. modular architecture. Oncogene 23, 1972–1984.
14. Huibregtse, J.M., Scheffner, M., Beaudenon, S., and Howley,
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